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Bi-based perovskite ferroelectric thin films have wide applications in electronic devices due to their excellent
ferroelectric properties. New Bi-based perovskite thin films Bi(Cu, /2Ti1 /2)03—PbTi03 (BCT-PT) are deposited on
Pt(111)/Ti/Si0,/S1 substrates in the present study by the traditional sol-gel method. Their structures and related ferro-
electric and fatigue characteristics are studied in-depth. The BCT-PT thin films exhibit good crystallization within the
phase-pure perovskite structure, besides, they have a predominant (100) orientation together with a dense and homoge-
neous microstructure. The remnant polarization (2F;) values at 30 uC/Crn2 and 16 uC/cm2 are observed in 0.1BCT-0.9PT
and 0.2BCT-0.8PT thin films, respectively. More intriguingly, although the polarization values are not so high, 0.2BCT-
0.8PT thin films show outstanding polarization fatigue properties, with a high switchable polarization of 93.6% of the
starting values after 108 cycles, indicating promising applications in ferroelectric memories.

Keywords: ferroelectric, thin films, perovskite, PbTiO3-BiMeO3
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1. Introduction

The perovskite-structured (ABO3) ferroelectric thin films,
including the typical lead zirconate titanate (Pb(Zr;_,Ti,)O3,
PZT), have been widely investigated recently in terms of
their possible applications in microelectro-mechanical sys-
tems (MEMS), nonvolatile ferroelectric random access mem-
ories (FERAM), and high-power electric systems because of
the high ferroelectric performances and good temperature
stabilities. '] However, low Curie temperature (Tc = 386 °C)
for commercial PZT motivates us to explore novel ferroelec-
tric materials that possess favorable temperature stabilities and
Tc values.!¥

Since the superb piezoelectric characteristics in (1 —
x)PbTiO3—xBiScO3; (PT-BS) surrounding morphotropic phase
boundary (MPB) (x = 0.64, d33 = 460 pC/N, and Tc =450 °C)
was discovered,®! the attention of the search for high-T¢ as
well as favorable temperature stability ferroelectric materi-
als have been paid to the general BiMeO3;—PbTiO3 systems,
where Me is the single cation or cation mixture, with mean
valence being +3). Both experimental and first-principles
calculations have proposed that Bi’* with a similar stere-
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ochemical 6s? lone-pair electrons to that of Pb>* plays an
essential role in enhancing Tc and ferroelectricity.!®”] Note
that PT-BS thin films have been proved to have good piezo-
electric and ferroelectric characteristics. 8! Nonetheless, PT—
BS application has been greatly limited due to the expen-
sive Sc. Therefore, many researches have focused on non-
scandium perovskites recently. In principle, there are plenty
of possible new compositions based on BiMeO3;—PbTiO3,
since B-site Me in BiMeO3 has many combinations and their
mean valence is 43 (such as Fe’*, Co*, Zn, )T, or
Niy/3Nby /3).
member of BiMeO3,”~'"! many BiMeO; compounds ex-
hibit very low solubility within PbTiO3 (less than 10%) un-
der ambient condition, and many PbTiO3-BiMeOs systems

Owing to the metastable nature of the end

with high solubility of BiMeOs; can only be prepared via
unique high-pressure and high-temperature method, such as
xBiCoO3—(1 — x)PbTiO3, xBi(Zn, /,Ti; 2)03—(1 — x)PbTiOs3,
and xBi(Zn, ,V /)03—(1 — x)PbTiO3. 112714

Notably, thin films can induce internal stresses, which can
also stabilize the metastable structures of BiMeO3;—PbTiO3
systems, such as xBi(Zn; > Ti; )03—(1 — x)PbTiO3.!"*! In-

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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deed, the perovskite structure can be well maintained in
0.2Bi(Zny 5 Ti; /2)03-0.8PbTiO3 thin film despite its large
lattice distortion. In addition, the typical polarization (P)
versus electrical field (E) loop is successfully observed
to be kept in a broad temperature range, but is absent
in its bulk state owing to the large leakage current.!!”!
Favorable ferroelectric performances are also observed in
xBi(Mg, /Ti; 2)03—(1 — x)PbTiO3 and xBi(Ni; /> Ti; )O3~
(1 —x)PbTiO3 thin films.!'%!7! In addition to the stereochem-
ical 652, lone-pair electrons in Pb>* and Bi** have strong hy-
bridizations with oxygen, which is beneficial for ferroelec-
tricity. The strong hybridization between oxygen 2p state
and Ti 3d state has an important role in large ferroelectric
polarization and enhances ferroelectric-to-paraelectric phase
transition temperature of BiMeO3;—PbTiO3 system.!'3-201 Tt
is therefore considered that Ti ion plays an irreplaceable
role in achieving high-performance ferroelectricity. Herein,
we design and prepare new Bi-based perovskite thin films
Bi(Cuy /5 Ti; 2)O03-PbTiO3 (hereafter abbreviated as BCT-
PT). By using Pt(111)/Ti/SiO,/Si substrates, we prepare the
(100)-oriented BCT-PT thin films. Thereafter, their crystal
structures, ferroelectric properties, and fatigue characteristics

are studied systematically.

2. Experimental details

The xBi(Cul/zTi1/2)03—(l - x)PbTiO3 x = 0, 0.1,
and 0.2, hereafter abbreviated as xBCT-(1 — x)PT) precur-
sor solutions were prepared by using titanium n-butoxide
[Ti(OC4Ho)4], lead acetate trihydrate [Pb(COOCH3),—3H,0],
copper nitrate hemi(pentahydrate) [Cu(NO3),-2.5H,0] to-
gether with bismuth nitrate pentahydrate [Bi(NO3);—5H;0]
as raw materials, while 2-methoxyethanol, deionized water,
glacial acetic acid and formamide served as solvents, stabi-
lizer, chelator, and surfactant, separately. Continuous stir-
ring under ambient temperature and at atmosphere was re-
quired for preparing precursor sol, based on 0.1BCT-0.9PT
and 0.2BCT-0.8PT compositions. To make up for compo-
nent losses caused by annealing, we added 6-mol% Bi and 10-
mol% Pb. First of all, 2-methoxyethanol was added to dissolve
[Ti(OC4Hog)4] and [Pb(COOCHj3),—-3H,0]. After that, a small
amount of deionized water and glacial acetic acid were succes-
sively added into the solution. Then, [Bi(NO3);—5H,0] and
[Cu(NO3),-2.5H,0] were sequentially added into the afore-
mentioned solution under 1-h stirring. Afterwards, to prevent
crack appearance, the suitable formamide was further intro-
duced in the resultant solution, followed by 3-h stirring of re-
sulting solution for forming the homogenous BCT-PT precur-
sor solution (0.2 M), as well as another 24-h aging prior to
deposition.

To obtain the precursor solution (0.05 M) of PbO
seeding layers, [Pb(COOCH3),-3H,0] was dissolved in 2-

methoxyethanol solvent. For improving crystallinity and (100)
preferential orientation of BCT-PT thin film, one PbO layer
was deposited with multiple BCT-PT layers in sequence for
preparing films. Firstly, we spin-coated PbO seeding layer
for a 30-s period at 5000 rpm, and subsequently pyrolyzed
it for a 10-min period under 350 °C through using the hot
plate, so that it could be deposited onto Pt(111)/Ti/SiO,/Si
substrates. Thereafter, an identical coating and pyrolysis pro-
cess were adopted to deposit BCT-PT thin films on PbO-
coated substrates. These steps were repeated several times
to prepare BCT-PT thin film, followed by the deposition of
one more PbO seeding layer. By repeating these aforemen-
tioned deposition process, a desired thickness (~ 210 nm) was
obtained. Film annealing was conducted for a 40-min period
under 700 °C.

The x-ray diffraction patterns (XRD, Smartlab 9 kW
and Smartlab, Rigaku, Japan) were employed for analyzing
crystallographic microstructure. Additionally, the field emis-
sion scanning electron microscopy (FE-SEM, SU8220, Hi-
tachi, Japan) was adopted for examining sample morpholo-
gies. The morphology of the as-synthesized samples was char-
acterized by using atomic force microscope (AFM, Bruker
Icon). Polarized Raman-scattering data were obtained by us-
ing a MonoVista CRS+ 500 spectrometer (Spectroscopy &
Imaging, Germany). Ferroelectric, leakage and fatigue charac-
teristics were evaluated with the ferroelectric test system (TF-
Analyser 3000, aixACCT, Germany).

3. Results and discussion

Figure 1(a) presents XRD patterns for sol-gel-processed
xBCT-(1—x)PT (x=0, 0.1, and 0.2) thin films. Clearly, those
main peaks of all those investigated thin films are correspond-
ing to the characteristic perovskite structure, with the excep-
tion of some diffraction peaks from the substrate. Based on
the the longitudinal coordinate of intensity in Fig. 1(a), it can
be seen that xBCT—(1 — x)PT thin films show high stability
within the perovskite structure without any noticeable impuri-
ties. Note that the (100) diffraction peak intensities in all in-
vestigated thin films are much stronger than other peaks, indi-
cating the possible (100) preferential orientation. After fitting
the (001) and (100) peaks as shows in Figs. 1(c)-1(e), the rela-
tive (100) preferential orientation degrees (¢109)) of 0.1BCT-
0.9PT (a(100) = 61.5%) and 0.2BCT-0.8PT (o(100) = 76.5%)
thin films are estimated by calculating the peak intensity ra-
tio of (100) relative to the sum of (001), (100), (110), and
(111), suggesting that the BCT-PT films are predominantly
(100) oriented.?"-??! In order to further illustrate the preferred
orientation, the different modes of x-ray scanning and pole fig-
ure are also performed!?*?*! as shown in Fig. 1(b). Accord-
ing to the in-plane XRD and grazing incidence x-ray diffrac-
tion (GI-XRD) of 0.1BCT-0.9PT thin films, we not only ob-
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served significant changes in peak intensities, but also ob-
served a broadened full width at half maximum (FWHM)
of the in-plane mode (100) peak, indicating the presence of
(001) peak. In addition, the pole figure showing a ring at
Y & 46° corresponds to Z(100) : (101) = 46.8°, which fur-
ther confirms that the 0.1BCT-0.9PT film is predominantly
(100) oriented. The background intensities of the pole figure

are in a range of 10 cps—50 cps, while the maximum inten-
sity of the peak at y ~ 46° is about 162 cps, and the vol-
ume fraction of the a(b)-axis-oriented grains is estimated at
30%. Note that in the sol—gel-processed perovskite thin film,
it is easier to form simple preferential orientation, such as
in the Bi(an/zTi1/2)03—PbTiO3, Bi(Mg1/2T11/2)03—PbTiO3,
and SmFeO;-PbTiO; thin films.[!5:16-23]
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Fig. 1. (a) XRD patterns of xBCT-(1 —x)PT thin films (x =0, 0.1, and 0.2). (b) In plane XRD pattern and GI-XRD pattern of 0.1BCT-0.9PT
thin film, with inset showing x-ray pole figures recorded from 0.1BCT-0.9PT (101) reflection; the rim of the patterns corresponds to y = 75°.
The fitting of (001)/(100) peak of (c) PbTiO3, (d) 0.1BCT-0.9PT, and (e) 0.2BCT-0.8PT.

The evolutions of the lattice distortion (c/a) of xBCT-
(1 —=x)PT (x =0, 0.1, and 0.2) thin films can also be ob-
served according to the shift of (100) diffraction peaks in
XRD patterns. Here, just one diffraction profile is seen for
the {100} tetragonal diffraction index, which slightly shifts
to a lower angle, suggesting that a (b) axis increases in thin
films. we perform peak fitting of the (001) and (100) diffrac-
tion peaks of the xBCT—(1 —x)PT thin films to different BCT
contents, and estimate the axial ratio based on the fitted peak
positions. Specifically, the peak positions of the (001) and
(100) diffraction peaks in the pure phase PbTiO3 are located
at 21.52° and 22.55°, respectively, corresponding to lattice pa-
rameters of a(b) = 3.939 A, ¢ = 4.126 A, and c/a = 1.047.
The 0.1BCT=0.9PT thin film has the fitted lattice parameters
a=3.957 A and ¢ = 4.048 A and the axial ratio ¢/a = 1.023,
while the 0.2BCT-0.8PT thin film has the fitted lattice pa-
rameters a = 3.958 A and ¢ = 4.037 A, and the axial ratio
¢/a=1.019. According to the fitting results, it can be seen that

the introduction of BCT leads the ¢ axis to decrease and the a
axis to increase. As a consequence, it can be observed that
¢/a decreases with BCT content increasing. The decreasing
of ¢/a indicates the lattice distortion weakening, and there-
fore promoting the domain switching.['®! Thus, the domain
switching in the 0.2BCT-0.8PT thin films is easier than in the
0.1BCT-0.9PT thin films. Notably, c¢/a ratio of the pristine
PT thin film decreases relative to that of PT bulk state, which
can be attributed to the size effect and interfacial stress.[2%-7]
The interfacial stress, which is mainly derived from the ther-
mal expansion mismatch as well as thin film—substrate lattice
incomplete relaxation mismatch, would also exist in present
xBCT—(1 — x)PT thin films. It is demonstrated that such a
stress is prominent in g-axis domain compared with in the c-
axis domain.*®! Therefore, these highly (100) oriented thin
films with a greater number of g-axis domains should have
a reduced c¢/a. Similarly, the above result can be obtained
from other BiMeO3—PbTiOj3 thin films.[!0] Notably, in bulk
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BiMeO3-PbTiO3 system, some of them have the c¢/a ratios
that do not vary monotonically with BiMeO3 content: ¢/a ra-
tio increases at lower BiMeQOs3 content (< 10%), and decreases
at higher BiMeOs content. ! This is attributed to the compet-
ing effects between A-site Pb/Bi-O hybridization and B-site
Me/Ti-O hybridization. Generally, the hybridization between
Pb/Bi and O is almost unchanged as BiMeOj3 level changes,
but now it is apparently changed between Me and oxygen. The
hybridization between Me and O can descend steeply at high
concentration of BiMeOz when Me has a large cation radius
and weak ferroelectric activity.[*’]

The cross-sectional and plane view morphologies of
0.2BCT-0.8PT thin films characterized by SEM are shown in

— T ﬂ..—_,-.-_,

Fig. 2(a). The SEM image shows that there are the diverse film
layers on the substrate. The surface of the thin film exhibits
no cracks or pores, and the thickness of the thin film is about
210 nm. Figures 2(b)-2(d) show the detailed morphologies of
the xBCT-(1 —x)PT (x = 0,0.1, and 0.2) thin films by AFM
measurements. According to the AFM images, compared with
the pristine PbTiO;3 thin films, both 0.1BCT=0.9PT thin film
and 0.2BCT-0.8PT thin film show smaller size particles, and
their surfaces are smoother. In addition, the distribution of
grains in the 0.1BCT-0.9PT and 0.2BCT-0.8PT thin films are
more uniform. These would promote the domain switching
during measuring the loops of the polarization (P) versus the
electric field (E).

TR e———

"'MM*’-—-—- (02BCT 0.8

=

500 nm

250 (d)

-25.0]
nm

0.0 10.0 um [0.0

TO.0 pm 1 [0:0 10.0 pm 1

Fig. 2. (a) Cross-sectional SEM image of 0.2BCT-0.8PT thin film, and AFM images of xBCT—(1 — x)PT thin films for x = 0 (b), 0.1 (c), and 0.2 (d).
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Fig. 3. Raman scattering spectra of BCT-PT films with BCT content of
0,0.1, and 0.2.

In line with lattice dynamical theory, it is supposed that
vibrational soft mode is closely related to spontaneous polar-

ization (Ps) in ferroelectric material. According to the research
on lattice dynamics, A|(1TO) soft mode frequently is in direct
proportion to order parameter Ps because it represents TiOg
octahedron displacement with respect to Pb atoms.*"! To this
end, we investigate the Raman scattering spectra of xBCT-
(1—=x)PT (x =0, 0.1, and 0.2) thin films (Fig. 3). A;(1TO),
E(2TO), B1+E, and A;(2TO) peaks can be observed, which
correspond to those detected in pristine PT. This indicates that
the xBCT-(1 —x)PT (x = 0.1 and 0.2) thin films show the same
tetragonal perovskite structure as the pristine PT. Note that the
A{(1TO) soft mode shifts towards the lower frequencies as x
increases. In addition to A;(1TO), as x increases, A;(2TO)
soft mode also shifts towards lower frequencies, and it shows
high sensitivity to B-site atom Ps displacement.*° Based on
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these observations, both A(1TO) and A;(2TO) optical modes
are softened, accompanied by a reduced c¢/a. This is consistent
with the previous XRD study. Shifts of Raman peaks are as-
sociated with the substrate-induced stress effect on thin films.
Clearly, non-180° domain wall switching and movement usu-
ally leads the value of ¢/a to be changed significantly. In the
present highly (100) oriented xBCT-(1 —x)PT thin films, non-
180° domain instead of the 90° domain is predominant. There-
fore, such a reduced ¢/a promotes switchable ferroelectric do-
mains, and thus enhancing remnant (F;) and maximal (Pyax)
ferroelectric polarization.3!-3?]

Figure 4 displays the P—E loops of xBCT-(1 —x)PT thin
films (x = 0, 0.1, and 0.2) under ambient temperature. For
the pristine PbTiO3 thin films, the typical P-E loops can be
observed only at low electric fields (Fig. 4(a)). Once loading
higher electric field, a relative rounded P—E loops appears, in-
dicating the serious leakage current. However, this is not the
case in the xBCT—(1 —x)PT (x = 0.1 and 0.2) thin films. It can
be seen that each film shows slim P—FE loops and high electric
endurance, indicating that these thin films are of high quality.
Similar slim P-FE loops are also observed in PT-based piezo-
electric ceramics. 33! 2P, levels of 0.1BCT-0.9PT thin film and
0.2BCT-0.8PT thin film are 30 uC/cm? and 16 uC/cm?, while
their coercive field (E¢) values are 126 kV/cm and 115 kV/cm,
respectively. With regard to 0.1BCT-0.9PT thin films, their
ferroelectric hysteresis loops tend to be saturated as observed
from Fig. 4(b). An increased applied electric field can break
down the thin films. Therefore, for 0.1BCT-0.9PT thin films,
their intrinsic properties are determined when the greatest
electric field is applied. With regard to 0.2BCT-0.8PT thin
films, a higher electric field can be applied (Fig. 4(c)). How-
ever, the P; value is even smaller than that of the 0.1BCT-
0.9PT thin film. These can be explained as follows: the Ec
can be the factor indicating the great ¢/a but low grain size,
as observed in PZT thin films.[**! In addition, ¢/a apparently
affects domain switching, such as in typical BiFeO3—PbTiO3-
based ceramics, the ¢/a threshold is determined to be 1.045
in domain switching, while nearly no domain switching hap-
pens at the higher value, with inhibiting the new domain from
nucleating because of the higher elastic energy inside domain

(311 Thus, the introducing of novel domain walls via the

wall.
electric field becomes difficult in the case of high ¢/a value.
It further indicates that due to the high ¢/a ratio, the domain
switching needs a higher electric field and has a large Ec.
Here, 0.1BCT-0.9PT thin films have a larger c/a ratio than
0.2BCT-0.8PT thin films. Correspondingly, domain switch-
ing in 0.2BCT=0.8PT thin film can be easier than in 0.1BCT-
0.9PT thin film, and a higher electric field can be applied to

0.2BCT-0.8PT thin film. On the other hand, the large ¢/a can

be associated with great Ps displacement, which is the origin
of the ferroelectric polarization.!'>3>] Hence, the larger polar-
ization values are seen for 0.1BCT=0.9PT thin films than for
0.2BCT-0.8PT thin films.
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Fig. 4. Ferroelectric hysteresis loops for (a) PbTiO3, (b) 0.1BCT-0.9PT,

and (c) 0.2BCT-0.8PT thin films measured at 1 kHz at different applied
fields.

—40— =550 800

To further confirm that the 0.1BCT-0.9PT thin film and
0.2BCT-0.8PT thin film are ferroelectric at room temperature,
we carry on measuring the capacitance—voltage (C-V') char-
acteristics of the Pt/xBCT-(1 — x)PT/Pt (x = 0.1 and 0.2) ca-
pacitors under a triangular wave at a frequency of 600 mHz as
the large signal and a sine wave with a frequency of 1 kHz and
amplitude of 25 mV as the small signal. Figure 5 shows the C—
V curves of the xBCT—(1 —x)PT (x = 0.1 and 0.2) thin films,
indicating a well-defined ferroelectric property for the xBCT—
(1 —x)PT thin films by a butterfly loop behavior. The field

corresponding to peak maxima in C-V characteristics is taken
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as a coercive field (E¢) and is found to be 130.8 kV/cm and
100.5 kV/cm for 0.1BCT-0.9PT thin film and 0.2BCT-0.8PT
thin film, respectively. These values are slightly different from
E¢ values obtained from P—E loops, because the C—V measur-

ing mode is quasi-static while P-E measurement is dynamic.

270
-e- 0.1BCT—0.9PT
240F —— 0.2BCT—-0.8PT
& 210f .’""’....»'-.Q
~ .P ...b °
) | P’ D Q
o 180 o o ©
g S ~ *
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Fig. 5. The C-V characteristics of xBCT-(1 —x)PT (x = 0.1 and 0.2)
thin films.

Figure 6 shows J-E characteristics of xBCT—(1 — x)PT
(x=0.1 and 0.2) determined under ambient temperature. The
pristine PbTiO3 thin films show a very high leakage current of
about 1.78 x 1072 A/cm? (Fig. 6(a)). The large leakage current
results in the rounded P—E loops of PbTiOs thin films during
the P—E loop measurement. Noticeably, unlike the pristine
PbTiOj3 thin films, the present xBCT—(1 — x)PT (x = 0.1 and
0.2) thin films show relatively low leakage currents. The leak-
age currents of 0.1BCT-0.9PT thin film and 0.2BCT-0.8PT
thin film are 1.64 x 10~% A/cm? and 2.58 x 10™° A/cm?, re-
spectively. Note that the smaller leakage current of 0.2BCT-
0.8PT thin film allows it to withstand a higher electric field
than the 0.1BCT-0.9PT thin film, conforming to P(E) loop
measurements. For understanding the reason for charge trans-
port in the above thin film, space charge limited conduction
(SCLC) mechanism®! can be used for explaining the J—E
features, which can be observed from the curves of log(/)
versus log(E) in Fig. 6(b). As can be seen, for the xBCT-
(1—=x)PT (x =0, 0.1, and 0.2) thin films, their slopes from
double logarithm J—FE plots approach 1.0 within the low elec-
tric field, which demonstrates Ohmic conduction behavior.
Moreover, electron content of the transition from the valence
band to conduction band by thermionic emission limits the
current. The electron content can be deficient under ambi-
ent temperature because of the great forbidden ferroelectric
gap. Thus, thin films show a lower leakage current in a lower
electric field. However, in a high electric region, charge trans-
port is dominated by SCLC mechanism in both the 0.1BCT-
0.9PT thin film and 0.2BCT-0.8PT thin film at a ~ 2.0 slope,
while the pristine PbTiO3 thin film shows a much larger value.

Consistently, herein, J is proportional to E square, namely,

J o< E2.37] Likewise, the leakage behaviors of other sol-gel
deposited Pb-based thin films can also be explained by the
similar mechanism.331 It is noteworthy that here 0.1BCT-
0.9PT thin film has a slightly larger slope than 0.2BCT-0.8PT
thin film in a high electric field, leading to a higher leakage
current in the 0.1BCT=0.9PT thin film. This implies that there
exist fewer defects in 0.2BCT-0.8PT thin film. Such a result is
also consistent with previous P(E) measurement that a higher
electric field can be applied to the 0.2BCT-0.8PT thin film
than to the 0.1BCT-0.9PT thin film.
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Fig. 6. (a) The J-E characteristics, and (b) curves of log(J) versus

log(E) of xBCT-(1 —x)PT thin films (x =0, 0.1, and 0.2) at room tem-
perature.

As far as ferroelectric materials are concerned, the po-
larization fatigue, the systemic switchable polarization loss in

1401 has been considered to be a

the repetitive bipolar cycling,
major issue restricting applications of ferroelectric thin films
in high-quality ferroelectric memories.*!! Switchable polar-
ization is analyzed in the case where the electric field cycling
number increases, in order to explore the fatigue process of
the present xBCT-(1 —x)PT (x = 0, 0.1, and 0.2) thin films
(Fig. 7).

tigue process at a measurement pulse frequency of 100 Hz.

To be specific, we analyze a normal electric fa-

It can be seen that positive/negative switchable polarization
of the xBCT-(1 — x)PT (x = 0, 0.1, and 0.2) thin films de-
creases with the increase of accumulative cycles. Specifically,
for the 0.1BCT-0.9PT thin film, its switchable polarization
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decreases by 37.3% of the initial value after about 10® cy-
cles, which is lower than the 62.4% initial value of the pris-
tine PbTiO3 thin film after about 108 cycles. However, the
0.2BCT-0.8PT thin film shows a more stable fatigue behavior,
with the switchable polarization decreasing by 93.6% of initial
levels after approximately 108 cycles. The present 0.2BCT-
0.8PT thin film shows better ferroelectric fatigue properties
than the 0.2Bi(Mg; /,Ti; /2)O03-0.8PbTiO3 thin film, in which
the switchable polarization decreases by 45% of its initial
value after 10 cycles.['®! It also exhibits that the ferroelectric
fatigue properties are comparable to the 0.2Bi(Zn /,Zr; /)O3~
0.8PbTiO; thin film.3¥! The outstanding fatigue behavior of
0.2BCT-0.8PT thin film is related to its high (100) preferen-
tial orientation,*?) uniform and dense structure observed from
the XRD and SEM studies, as well as the small leakage cur-
rent and fewer defects like oxygen vacancies in thin film. In
order to better understand the electrical properties of 0.2BCT-
0.8PT thin films, we propose the following simple physical
process. Under an external electric field, the charge injected
into the two poles of the thin film continuously increases, and
some of the charges will be captured by some defect centers.
In perovskite oxide thin film, oxygen vacancies are the most
typical donor type electron capture centers, with energy lev-
els very close to the conduction band. Therefore, after oxygen
vacancies capture electrons, their conductivity makes the film
exhibit a larger leakage current. Compared with the pristine
PbTiO3 thin film, the 0.2BCT-0.8PT thin film shows a smaller
leakage current, indicating that the 0.2BCT-0.8PT has fewer
defect centers. Furthermore, according to the domain origin
model of fatigue in ferroelectric thin films,!*3! defect planes
that are located parallel to electrodes in the vicinity of the film-
electrode interface in the crystal can compensate for the bound
charge and elastic stress at the end of the domain by interact-
ing with the domain, thereby pinning the domain system and
maintaining fatigue for a long time after the switching process
has been terminated. Therefore, the domain pinning behavior
of 0.2BCT-0.8PT thin film with fewer charged defect centers
is not obvious, o exhibit good fatigue characteristics.

1.0 b
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0.5 ——0.1BCT—0.9PT 62.4%
—— 0.2BCT—-0.8PT 37.3%
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Fig. 7. Plots of normalized switchable polarization versus switching
cycles for xBCT—(1 —x)PT thin films (x =0, 0.1, and 0.2).

4. Conclusions

In this work, the sol-gel method is utilized to deposit new
Bi-based perovskite thin films based on Bi(Cuy /5 Tiy /)O3~
PbTiO3, which are 210-nm thick, onto the Pt(111)/Ti/ Si0,/Si

substrates. Related crystal structure, ferroelectric, and fa-

tigue properties are studied systematically. The BCT-PT thin
films exhibit great (100) preferential orientation, and the ho-
mogeneous and dense microstructure. Moreover, P; values
for 0.1BCT-0.9PT thin film and 0.2BCT-0.8PT thin film are
30 uC/em? and 16 uC/cm?, respectively. Especially, the
0.2BCT-0.8PT thin film shows the small leakage current and
stable polarization fatigue property, which indicates the thin
film is suitable for usage in ferroelectric memories.
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